Introduction
Code-switching is a common practice among bilinguals that seems effortless. It indicates linguistic competence in both languages, as bilinguals are able to uphold grammatical rules for this bilingual language mode while fluently switching at various loci in a sentence (Poplack, 1980) . However, perception studies on code-switched speech have generally found that perceiving lexical switches incurs a processing cost (Soares and Grosjean, 1984; Li, 1996) . This seems to suggest that bilinguals should slow down when processing a code-switch. How then are these accounts reconciled, and how do bilingual listeners manage the perception of a code-switch, a potentially difficult processing task?
A recent line of research might have an answer as to how bilinguals manage code-switched perception, with the finding that bilingual listeners are able to detect and use subtle phonetic information in the acoustic signal to their advantage during recognition. Balukas and Koops (2014) , Piccinini and Garellek (2014) , and Fricke et al. (2016) have found that Spanish-English bilinguals produce subtle changes in VOT and prosody leading up to a code-switch, and the latter two studies have found that listeners exploit those cues in perception. Generally, these results suggest that any processing difficulty could be canceled out by the presence of phonetic cues to the code-switch. Specifically, these results are informative with regard to cues to Spanish-English code-switching, which manifest because Spanish and English intonation patterns differ in the location of nuclear pitch accents (Piccinini and Garellek, 2014) . The prosodic cues that occur prior to a Spanish-English code-switch are based on this difference between the two languages. Language pairs differing in other ways might therefore exhibit their own distinct code-switch cues in speech.
Mandarin and English are typologically different in that Mandarin uses pitch for lexical tone in addition to intonation. Mandarin has four lexical tones: high level, rising, low falling, and falling. An anticipatory cue to a Mandarin-English code-switch might very well be prosodic, considering the different function of pitch in these two languages. This cue could be assimilatory; for example, the pitch of the English utterance could be increased to match a high level tone Mandarin word. But it is also possible that the cue is dissimilatory. If productions are listener-oriented, the pitch of the English utterance could be decreased in order to highlight the high level tone Mandarin word. It is also necessary to consider that code-switched productions may differ from monolingual productions, i.e. a code-switched Mandarin high level tone word may not have as high a pitch as when it is produced in a fully Mandarin utterance. Any of these cases are potential types of prosodic cues to a Mandarin-English code-switch. Considering the differences between Mandarin and English prosody, and that previous studies found anticipatory cues in Spanish-English code-switching reflecting the intonational differences between the languages, it seems likely that Mandarin-English bilinguals produce such cues as well.
Such anticipatory cues potentially being present in the signal could mean that perceiving code-switched speech is not actually hard on listeners. If it is true that bilingual speakers produce anticipatory code-switch cues and listeners use them in recognition, then manipulating the acoustic signal to remove those cues would make recognition more difficult. Bilingual listeners would not have the information necessary to anticipate an upcoming code-switch, and would therefore encounter some processing difficulty in spoken word recognition.
To test this hypothesis, this study employs an experiment with a splicing manipulation, so that in audio stimuli for that condition, a code-switched Mandarin target word is spliced into an English utterance. This is meant to eliminate information in the acoustic signal that would have prompted the listener to expect a code-switch to Mandarin. The resulting manipulated utterance should instead bias the listener toward English, as code-switch cues are absent. These spliced stimuli are compared to unspliced, natural stimuli, where the target word remains in the utterance in which it was recorded.
The prediction is that listeners will take longer to perceive code-switched target words in the spliced condition, as they do not have the prosodic cues necessary to help them anticipate the code-switch. To test this prediction, bilingual participants' reaction times to audio stimuli with English and code-switched targets and spliced and unspliced targets are compared. If listeners have trouble perceiving code-switched targets without anticipatory cues, reaction times to spliced code-switched targets should be slowest.
Lexical access can potentially explain why bilingual listeners experience processing difficulty. Research on bilingual lexical access has shown that for bilingual listeners, lexical candidates from both languages are activated, even during spoken word recognition of one language (Spivey and Marian, 1999; Weber and Cutler, 2004; Schulpen et al., 2003; Lagrou et al., 2011) . For example, if a Spanish-English bilingual hears the Spanish word "playa" (beach), the English competitor "pliers," which begins with the same phonological onset cluster, is also activated (Ju and Luce, 2004) . Thus, when perceiving a code-switched spoken word (i.e. perception of two languages), having prosodic cues to a code-switch would primarily activate lexical items from the code-switch language. In particular, anticipatory cues would result in constraints on the set of activated lexical items, or higher activation levels for those lexical items prior to the onset of the word. Inversely, not having such cues means those lexical items could start off with lower activation levels, thus resulting in slower resolution of lexical competition, and manifesting as processing difficulty.
Therefore, it is predicted that lexical competitors from the same language as the experimental target word will be more activated in the unspliced condition. This is because prosodic information will be present in the acoustic signal, and listeners will pick up on those cues to constrain activation to lexical candidates in the appropriate language. This is tested in an eye tracking experiment with the visual world paradigm, in which participants see a visual display of pictures corresponding to the target word and phonological onset competitors in English and Mandarin, while hearing an auditory stimulus mentioning the target word. If listeners indeed use top-down phonetic information to constrain lexical activation to congruent candidates, then fixations to Mandarin competitor images will be higher than fixations to English competitors in the unspliced condition. In the spliced condition, where listeners do not have constraining phonetic information, there will be more fixations to English competitors.
This study explores whether recognition of the intra-sententially code-switched spoken word is costly, by looking at how phonetic cues affect lexical activation. The experiments aim to approximate natural code-switched speech as much as possible in the stimuli, with target words occurring in sentential context, and with a splicing manipulation asking whether the absence of naturally-occurring code-switch cues has a negative effect on processing. The first experiment is a concept monitoring experiment in which participants are presented with a colored line drawing on each trial, and upon hearing the pictured object named in an audio sentence, must press a button. The second is an eye tracking experiment in which participants are displayed the visual world paradigm, consisting of four colored line drawings on each trial. Upon hearing a pictured object named in an audio sentence, their task is to press a button. In both experiments, trials are presented in mixed mode (monolingual or code-switched), and stimuli are either spliced or natural, with target words varying in their location in the sentence. The goal of this study is to understand how bilingual listeners, in particular those proficient in Mandarin and English, use cues to manage bilingual perception, by looking at both offline and online measures of code-switched word recognition.
Experiment 1: Concept Monitoring
This experiment tests whether listeners will be slower to perceive code-switches if there is no information present in the acoustic signal that cues them in to an upcoming code-switch. This is tested by comparing reaction times to spliced and unspliced (natural) stimuli, in a concept monitoring experiment where participants see a pictured object and react to the object being named in an audio sentence. Spliced code-switched stimuli consist of a Mandarin target word in an originally English utterance, so that the prosodic cues in the part of the utterance leading up to the target word will bias the listener incorrectly toward English. On the other hand, natural stimuli consist of congruent phonetic information across the entire utterance. The prediction is that listeners will detect the target more slowly when the phonetic information available is incongruent with the code-switch, so reaction times to spliced code-switched stimuli will be slower than to natural code-switched stimuli.
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2.1 Method
Speaker
A female 21-year-old Mandarin-English bilingual produced all audio stimuli. She self-reports balanced usage of both languages in home and school environments, having acquired Mandarin from birth and English around age 4. The speaker was given a written language background questionnaire asking for speaking, listening, reading, and writing proficiency self-ratings in both languages. She self-reports being proficient in both languages on a scale of 0-6, with 0 being low and 6 being high, as shown in Table 1 . All stimuli were checked by the speaker prior to being used in the experiment, to The speaker was also administered the Bilingual Language Profile (Birdsong et al., 2012) , on which she scored -23 on a scale from -218 (very Mandarin dominant) to 218 (very English dominant), suggesting that she is a relatively balanced bilingual, but slightly more dominant in Mandarin. In addition, she reports frequently engaging in code-switching with friends, and occasionally with family. Screening. Participants were screened for proficiency prior to the experiments with two tasks. First, they were administered the same written language background questionnaire as was given to the speaker. They then completed a familiarization task, to check participants' vocabulary size and to ensure they associated the appropriate Mandarin and English names with the pictured objects. Participants were presented all visual stimuli one by one on a computer screen, along with printed English and Mandarin names for the pictured objects. The positions of the English and Mandarin names (left or right underneath the picture) were randomized. The task was self-paced, and participants were given an index card to note down any English and Mandarin words they were unfamiliar with, or if the words were not ones they would use to name the pictured object. If the participant was not proficient enough according to the questionnaire, their vocabulary was too limited based on the familiarization task, or if they associated the picture with a different word than intended (due to dialectal differences), they were disqualified from participating. A substantial vocabulary in both English and Mandarin, as well as familiarity with specific names of pictured objects was desirable, as the study relies on participants' being able to associate pictures with their spoken names in both experiments. Therefore, any participants marking more ten words (in either language) as unfamiliar or not their primary choice for describing the picture was disqualified from participating. The entire screening process lasted approximately twenty minutes. Table 2 provides participants' average age of acquisition of English and Mandarin, as well as their self-rated proficiency of each language on a scale of 0-6, where 0 means "not well at all" and 6 means "very well." As can be seen in Table 2 , participants' rated themselves as being similarly proficient in speaking, understanding, reading, and writing both languages. Auditory stimuli. There were a total of 64 auditory stimuli, which were spoken English sentences with either English target words (32 monolingual sentences) or Mandarin target words (32 code-switched sentences), recorded by the speaker in random order. These sentences were constructed so that each sentence mentioned one of the forty-eight pictureable nouns. In half of the sentences, target nouns occurred sentence-medially, while they occurred sentence-finally in the other half. So there was a total of 16 English sentences with medial targets, 16 English sentences with final targets, 16 code-switched sentences with medial targets, and 16 code-switched sentences with final targets. Sentences were designed with similar syntactic structures to control for intonational patterns: either 1) a main clause beginning with a subject pronoun, followed by a transitive verb and direct object, ending with a prepositional phrase, or 2) a subject pronoun, main verb, and embedded clause. In the former case, medial targets occupied the direct object position, while final targets were located in the prepositional phrase. In the latter case, final targets were located in the embedded clause. Target words varied on whether they were introduced by a definite article, indefinite article, or possessive pronoun.
Sixteen filler sentences were constructed, that did not include mention of the pictured object. The fillers functioned as catch trials, to ensure that target loci were not predictable from the similar syntactic structures of the stimuli sentences. Eight of the filler sentences had sentence-medial targets, and eight had sentence-final targets. These catch trials prevented the possibility of participants using syntactic or contextual predictability to respond whenever they expected to hear a noun, e.g. pushing a button when they heard the determiner preceding the target noun. The sixty-four sentences can be found in Appendix A.
Splicing. This study utilizes a splicing manipulation in both experiments to test the expectation that listeners will have trouble recognizing a code-switch if the information in the acoustic signal leading up to the code-switch does not prepare them for the language of the code-switch. Specifically, in an English-Mandarin code-switch, that phonetic information might consist of changes in pitch (F0) in the part of the English utterance leading up to the Mandarin target word. The prediction is that listeners will a) be slower to recognize a code-switch without such information, because b) they are unable to constrain lexical access to candidates of the appropriate language.
The speaker recorded multiple repetitions of each auditory stimulus sentence, including English-only versions of code-switched sentences.
To eliminate any phonetic information provided in the sentence leading up to the target word that could cue the listener in to the language of the target word, stimuli were cross-spliced to paste a Mandarin target originally recorded in a code-switched sentence into what was originally a monolingual English sentence. As a control-splice, English sentence stimuli were recorded twice, and English targets were identity-spliced into another repetition of the same English sentence. This procedure is illustrated in (3). Since the spliced and natural versions of each sentence would sound identical aside from the splicing effect, two stimuli lists were created in each experiment to avoid participants hearing the same sentence in both conditions. In each list, half of the items were spliced. The concept monitoring experiment had sixty-four distinct sentences, so that each list had thirtytwo spliced items. The eye tracking experiment had thirty-six distinct sentences, resulting in eighteen spliced items on each list. Participants were randomly assigned to either List 1 or List 2 at the start of the experiment, with an equal number of participants assigned to each list.
In addition to being run on different lists, participants were also randomly assigned an order in which to complete the two experiments, so that half of the participants finished the reaction time experiment before eye tracking, and half in the other order.
Procedure
Data collection took place in a sound attenuated booth in the Department of Linguistics at UC Berkeley. Participants were presented printed English instructions on a computer screen, informing them that the experiment would involve English sentences and Mandarin-English mixed-language sentences. They wore headphones for the presentation of audio stimuli. During each trial, participants saw a picture on the computer screen, and heard a spoken sentence that mentioned the pictured object. Their task was to press a button as soon as they heard the object mentioned. Participants were instructed that the pictured object was not always mentioned (as in the fillers), and in that case, to not press anything. Presentation of trials was randomized, and a 1000 ms delay occurred between trials. Each trial lasted 3000 ms. The reaction time experiment took approximately fifteen minutes, and participants were compensated $5.
This experiment (concept monitoring) was counter-balanced with the next experiment (eye tracking); participants were randomly assigned the order in which to complete the two experiments. After completion of both experiments, participants were administered the Bilingual Language Profile (Birdsong et al., 2012) , an assessment of bilinguals' language dominance, on which individuals can score in the range -218 to 218, with negative scores indicating dominance in Mandarin, positive scores indicating dominance in English, and scores near 0 indicating balanced bilingualism. The Bilingual Language Profile (BLP) was supplemented with a questionnaire on participants' code-switching attitudes and behaviors. The entire study took around 45 minutes, and participants were compensated $5 for the completion of each of the three components.
Reaction times were measured as the latency between the onset of the target word and the subject's keypress response. Catch trials were first excluded from analysis, so that there were a total of 2688 target trials (64 unique stimuli x 42 participants). Data was then trimmed to remove trials with reaction times under 200 ms, and reaction times that were too long (i.e. equal to the trial duration). This resulted in the loss of 47 observations. Additionally, reaction times from trials in which the target word was one that the participant noted as unfamiliar during the familiarization task were excluded. Finally, each participant's mean was calculated, and any reaction times that were more than two standard deviations from that participant's mean were excluded from analysis. Only three observations were removed in this manner as outliers. After trimming, 2430 observations remained for analysis, so that approximately 10% of the data were excluded.
Data Analysis
The log-transformed data was modeled with a linear mixed effects regression model, shown in (5). The model considers an interaction between whether a target word is English or Mandarin (code-switched) and whether it is spliced or natural, the position of the target in the sentence, and by-item and by-subject random slopes (Baayen et al., 2008). Table 4 shows average reaction time (in milliseconds) as a function of stimulus language, position of the target word, and whether or not the target word was spliced. Generally, reaction times to code-switched targets were slower than to English targets (with the exception of final, unspliced targets), and reaction times to spliced targets were slower than to unspliced targets. However, the most noticeable difference is between reaction times to sentence-medial and sentence-final targets. Standard deviations are shown in parentheses.
Results
Since the data distribution is right-skewed, Figure (1) plots log-transformed reaction times
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with targets subtyped as in (4) . Similar to (4), Figure ( 1) suggests most strongly that there was a difference between reaction times to sentence-medial and sentence-final targets. The model summarized in Table ( 5) suggests that the presence of a code-switch and its position in the sentence are significant predictors for reaction time. The target being codeswitched is predictive of significantly longer reaction times (Estimate = 0.091, SE = 0.048, p = 0.059), and significantly longer reaction times to sentence-medial words than to sentencefinal words (Estimate = 0.217, SE = 0.046, p <0.001). However, whether or not the target was spliced was not a significant effect (Estimate = 0.047, SE = 0.034, p <0.176). Additionally, the interaction between whether the target is a code-switch and whether it is spliced is not significant, suggesting that reaction times for code-switched trials are not predicted to differ significantly depending on whether the target was spliced in or not. 
Discussion
The linear mixed effects regression suggests that while listeners are slower to recognize codeswitches, the presence or absence of anticipatory cues apparently does not affect their ability to process the code-switch, contrary to the initial prediction of this study. Perhaps Mandarin-English bilingual listeners do not use prosodic cues to anticipate a code-switch and facilitate its perception. However, it is also possible that the speaker failed to produce the expected cues, if the extent of such cues varies between speakers, or if recording stimuli in reading mode results in a lack of cues. If so, the splicing manipulation may have failed to function as intended, in which case no conclusions regarding the presence of phonetic information or listeners' use of it can be drawn. Interestingly, though the position of the target word was originally varied to prevent predictability, this has a significant effect on reaction time. This could be attributed to English intonation marking the end of a sentence, and the reduction of uncertainty as the sentence progresses. When the sentence has a sentence-medial target, prior to target onset, the participant must consider whether the target occurs medially, finally, or not at all (filler). However, when the target is sentence-final, it either occurs or is a filler. It would be interesting to look at whether listeners' use of phonetic information in perception is affected by the amount of time they have to incorporate such information; all sentence stimuli were similar lengths so that trials with sentence-final targets are preceded by a longer utterance than trials with sentence-medial targets.
Experiment 2: Eye Tracking
Experiment 1 showed that while bilingual listeners are slower when perceiving a codeswitched word compared to perceiving monolingual speech, phonetic information does not seem to be used to anticipate a code-switch, at least as revealed by the splicing manipulation. But while an offline measure like the concept monitoring experiment can reveal whether code-switched perception incurs a switch cost, it does not give insight into the time course of a processing cost, such as phonetic cues constraining lexical activation ((Huettig et al., 2011)).
Eye tracking with the visual world paradigm is a particularly good method for studying activation in lexical access. Eye tracking is an online measure advantageous for understanding the time course of lexical activation during speech perception (Huettig et al., 2011) . The visual world paradigm involves a visual display of four pictures, with a simultaneous audio stimulus naming one of the pictures. The pictures can represent the target word and various lexical competitors, with the paradigm revealing which lexical items are activated during spoken word recognition. The audio stimulus can be manipulated to test the role of different phonetic details in the process of recognizing a spoken word. Altogether, the paradigm gives insight into how fine phonetic details affect the activation levels of various lexical candidates.
Experiment 2 utilizes eye tracking to gain insight into the online processing of a codeswitch, specifically to determine activation levels of the target and various lexical candidates during processing. The visual world paradigm involves a visual display of four pictures, each corresponding to a different type of lexical candidate, and a simultaneous auditory stimulus so that the time course of lexical access is elucidated by the participant's fixations to pictures during perception of that continuous speech. The goal of this experiment is to probe which lexical candidates are considered during the processing of a code-switch, and whether bilingual listeners use phonetic information to constrain lexical access to candidates in the appropriate language. The prediction is that listeners do use prosodic information in the context leading up to a code-switch to constrain lexical competition. Therefore, in the spliced code-switched condition, listeners would be more likely to consider English lexical competitors, because the phonetic context would bias them toward English. In the natural code-switched condition, listeners would be more likely to consider Mandarin lexical competitors.
Method
The same speaker who recorded the audio stimuli for the concept monitoring experiment recorded the audio stimuli for this experiment.
Of the 42 participants who completed Experiment 1, data from one participant was excluded in Experiment 2 due to corrective lenses interfering with the eye tracker's calibration process.
Materials
Visual stimuli. Thirty-six pictureable nouns (eighteen Mandarin nouns, eighteen English nouns) that have pictureable Mandarin and English noun cohort competitors were selected, for eighteen sets of three pictureable nouns. To each set, a distractor that was not a cohort competitor was added. This resulted in thirty-six sets of four pictureable nouns. Colored line drawings from the Rossion and Pourtois (2004) database or available to the public domain were selected for the pictureable nouns.
Auditory stimuli. For the thirty-six sets of four pictureable nouns, thirty-six English sentences were constructed. Eighteen sentences had sentence-medial target nouns, while the other eighteen had sentence-final target nouns. The portions of these sentences preceding the target were constructed so that any of the four pictureable nouns in the set were semantically congruous with the verb. For example, in a trial where the Mandarin target is maozi (hat), the cohort competitors in English and Mandarin are mouse and maojin (towel), and the distractor is hua (flower), the sentence is "We saw the maozi in a tree," where any of the four pictureable nouns in the set are semantically congruous with the verb "saw."
Therefore, there were 9 monolingual stimuli with sentence-medial targets, 9 monolingual stimuli with sentence-final targets, 9 bilingual stimuli with sentence-medial targets, and 9 bilingual stimuli with sentence-final targets. Table 6 shows an example set of visual stimuli with a corresponding auditory stimulus sentence (where the target is sentence-medial) for both the English and code-switched conditions. We watched the goat from a distance.
We saw the maozi in a tree.
The sets of pictureable nouns and their corresponding sentences can be found in Appendix B.
Procedure
Participants were seated a comfortable distance from the computer screen and an eye tracker (The Eye Tribe), which was then calibrated with a nine-point calibration. Sampling of the gaze location of the eyes took place at 60 Hz. Participants wore headphones for presentation of auditory stimuli. Written instructions informed participants that they would be hearing both English and mixed-language English-Mandarin sentences.
During each trial, participants saw a visual world display of four line drawings corresponding to the four pictureable nouns (target, English cohort competitor, Mandarin cohort competitor, and distractor). These four pictures were centered in the four quadrants of the screen. Then after a delay ranging -to -ms, participants heard a spoken sentence. Their task was to press a button as soon as they heard any pictured object in the display be named in the sentence. Each trial lasted 4000 ms. The positions of the four types of pictured objects in the visual world display were randomized across the four fixed quadrant positions for each trial.
The presentation of trials was randomized, and a 1000 ms delay occurred between trials with a central fixation cross. The eye tracking task lasted approximately ten minutes.
Data Analysis
Data collected on trials in which the visual display included any pictureable noun the participant reported being unfamiliar with in either English or Mandarin were excluded.
Looks to any point within the quadrant of each type of picture in the visual world display (Mandarin or English target, English cohort competitor, Mandarin cohort competitor, distractor) were counted as fixations to that picture. To calculate average proportion of fixations for a condition, the number of fixations toward a type of picture were summed across all trials in that condition and all participants, and then divided by the total number of trials in that condition.
The following analyses focus on the time window up to 1200 ms after target word onset, which is when target fixations plateaued. Following Mirman (2014), growth curve analysis with orthogonal polynomials was used to model the time course of fixations to the pictures corresponding to the target word and competitors. Growth curve analysis is especially advantageous for analysis of eye tracking data, as time is treated as a continuous variable. The addition of orthogonal polynomials allows for the shape of the time course of fixations to be captured. Upon visual inspection of the time course data, cubic orthogonal polynomials were chosen as the best approximation of the shape of the curve of proportion of looks over time. The random effects structure for each model includes by-participant random slopes (Baayen et al., 2008) .
To assess the best-fitting models for the data, a baseline model was used as a starting point. Variables were added gradually to produce several models varying in complexity, and ANOVA was used to compare the baseline model and these models. Log likelihood and Akaike information criterion (AIC) were then used to assess the best-fitting models for the data. Alpha levels of 0.05 are used to evaluate the significance of each predictor. Cubic orthogonal polynomials interacted with all fixed and random variables.
Results

Looks to Target
The model for looks to the target had the fixed effects of Position (whether the target occurred sentence-medially or -finally), Language (whether or not the target was codeswitched), and Splice. It treated sentence-final, English, and unspliced as the reference points, and statistical significance was calculated using the normal approximation. The model is shown in (1), and plotted in (2), with model fits as lines and empirical data as points.
All three fixed effects in the interaction were significant in this model. The model predicts more looks to the target when it is English than when it is code-switched (Estimate = -0.0768, SE = 0.0200, p = 0.0001). Position was also significant; fewer looks to sentencemedial targets are predicted (Estimate = -0.1849, SE = 0.0172, p <0.001). The model predicts fewer looks to a spliced target (Estimate = -0.0834, SE = 0.0159, p <0.001).
The only interaction with an orthogonal polynomial to be significant was that between the linear term and Position. Although there are initially fewer looks to a sentence-medial target, the rate of looks to that target increases faster (Estimate = 0.1706, SE = 0.0593, p = 0.004).
The interaction between Position and Language shows that the model predicts more looks to a medial target when it is code-switched (Estimate = 0.1023, SE = 0.0297, p = 0.0006). The interaction between Position and Splice shows that the model predicts more looks to a medial target when it is spliced (Estimate = 0.1396, SE = 0.0253, p <.001). Finally, the three-way interaction was significant; the model predicts fewer looks to a sentence-medial code-switched target when it is spliced. 
Looks to the Mandarin Competitor
Looks to the Mandarin competitor were modeled with cubic orthogonal polynomials, fixed effects of Language and Splice (baseline: English, unspliced), and by-participant random slopes. The model can be found in (2) , and plotted in (3), with model fits as lines and empirical data as points.
There was a main effect of Language, showing that there were more looks to the Mandarin competitor in code-switched trials compared to English trials (Estimate = 0.0641, SE = 0.0118, p <0.001). Interactions between Language and both the linear and quadratic terms were significant. The decay in looks to the Mandarin competitor was steeper in codeswitched trials than in English trials (Estimate = -0.1035, SE = 0.0375, p = 0.0057; Estimate = -0.1114, SE = 0.032, p = 0.0005). There was no main effect of Splice, although the interaction between the cubic term and Splice is significant (Estimate = -0.07, SE = 0.0279, p = 0.01247). Therefore, the shape of the function capturing fixations to the Mandarin competitor differs in spliced versus natural trials, although there is no difference between those conditions in proportion of fixations. Finally, the interaction between Language and Splice is significant (Estimate = -0.0232, SE = 0.0117, p = 0.0478). There are fewer looks to the Mandarin competitor in code-switched trials when the target is spliced, compared to when the target is unspliced. Figure 3 : Looks to the Mandarin Competitor
Looks to the English Competitor
Looks to the English competitor were modeled similar to looks to the Mandarin competitor, with cubic orthogonal polynomials, Language, Splice, and by-participant random slopes. This model can be found in (3) , and plotted in (4), with model fits as lines and empirical data as points.
Splice suggests an increase in looks to the English competitor when the target word was spliced (Estimate = 0.0355, SE = 0.0182, p = 0.0512), but none of the effects in the model were significant. 
Discussion
Experiment 2 revealed that there is a switch cost and that the absence of cues hinders the bilingual listener during perception of a code-switch. Growth curve analysis predicts fewer looks to a code-switched target than a monolingual English target, and fewer looks to a sentence-medial code-switched target when it is spliced. Moreover, cues do bias the listener toward competitors in the language that the cues indicate: there are more looks to the Mandarin competitor when the code-switched target is unspliced and therefore retains cues to Mandarin.
General Discussion
This study provides support for the notion that bilingual listeners use cues in the lexical access of code-switches. The online measure in Experiment 2 was able to pick up on bilingual listeners experiencing processing costs while perceiving a code-switch, but still using phonetic cues during perception. When phonetic cues to a code-switch were present, Mandarin lexical candidates were more activated, whereas English lexical candidates were only more activated when cues were manipulated to bias the listener toward English. Coupled with the results of Experiment 1, which found a processing cost but not the use of cues, this study concludes that prosodic cues affect lexical activation, but may not be enough to overcome processing cost, and/or may not be integrated quickly enough to be obvious in the concept monitoring experiment. Without replicating Experiment 1 using the same stimuli sentences as in Experiment 2, it is unclear whether the results could be due to stimuli differences. But eye tracking provides fine-grained temporal resolution for understanding code-switched spoken word recognition, and it seems that any cue-related effect occurs on a shorter time scale than is captured through the reaction time measure. This study reinforces such methodological advantages of eye tracking. Though the concept monitoring experiment was unable to detect listeners' use of cues, the eye tracking experiment revealed that in spite of code-switches incurring a processing cost, the presence of cues allowed for activation of congruent-language lexical candidates. Moreover, instead of switch-stay trials, which are more representative of inter-sentential code-switching, this study uses code-switched sentences produced by a bilingual native speaker who regularly code-switches in daily life. A further improvement on stimuli would be to use extracts from a corpus, so that code-switching is not lab-induced. Finally, the position of the target word in the stimulus sentence makes a great deal of difference as to what effect is observed in the experimental results. The reported effect due to the presence of phonetic cues in Experiment 2 was only observed for trials with sentence-medial targets. This indicates that prosody marking the end of a sentence is an important factor to consider in designing stimuli for such experiments, and is a sign of the extent of questions left to answer regarding perception of code-switches. 
